Sex determination is the process of establishing the identity of an individual by linking the deceased with the stream of data present in the information system.
fire. [1] In such a situation, when only the mutilated or fragmented skull is recovered, the determination of sex becomes extremely complicated and challenging. It is also essential to evaluate the accuracy and merit of each bone individually in the process of sex determination as the investigator has no control on which part of the skeleton will be available for analysis.
Discriminant function analysis (DFA) generates rules to classify individuals into a defined group on the basis of set of measurements of the individuals. [2] In the present study, DFA was used for sex determination.
Skull is the second most sexually dimorphic portion of the body after pelvis [3] with the latter not being able to survive physical injury and acts of inhumation particularly well. Significant craniometric differences have been reported in foramen magnum between the male and female population in a particular geographical region and ancestry. [4] The present study was undertaken to provide data on foramen magnum and occipital condyles (OCs) for the purpose of sex determination, which can be used as a reference sample for establishing the identity in cases of unknown fragmentary skulls.
The aim of the study was to evaluate the accuracy of measurements foramen magnum and OC as an aid in sex determination using computed tomography (CT).
Subjects and Methods
The study population included 200 patients (100 males and 100 females) in the age range of 21-80 years fulfilling the inclusion and exclusion criteria. CT scan images of patients above 21 years of age distinctly revealing the margins of foramen magnum and OC were included in the study. While radiographs revealing displaced fracture of the OC or foramen magnum, evidence of diseases causing cranial deformities, and poor quality were excluded from the study.
The CT scans were sorted according to age, sex, and location (North Karnataka) by a senior radiologist and were provided for analysis after hiding the demographic details of the patient.
Seven dimensions of foramen magnum and OC were measured in the present study. The variables were previously defined by Giles and Elliot [5] who used nine variables. Later, Uysal et al. [6] modified these nine variables and used seven measurements in their study due to nonvisualization of the remaining two on CT.
The metric parameters used in the present study were as follows: The area of foramen magnum was determined by tracing the bony outline of the anatomical feature. Statistical analysis was made using descriptive statistics, discriminate analysis, and unpaired t-test using the SPSS package (version 21.0, IBM, Chicago, IL, USA) for Windows software. P < 0.001 was considered to be statistically significant.
Results
The present study included images of 200 individuals (100 males and 100 females) in the age range of 21-80 years undergoing cranial CT in the Department of Radio Diagnosis. Mean age of the study group in male population was 46.3 ± 17.41 years and in female population was 52.8 ± 14.87 years.
The minimum and maximum diameters for each metric variable were obtained and the mean values with standard deviation were calculated.
Difference in the dimensions of male and female population was calculated. All the dimensions were significantly greater in male population as compared to the female population (P < 0.001).
Student's unpaired t-test was performed between the mean values of the metric variables among the male and female population. The results revealed a statistically significant difference for all the variables. Thus, all the metric variables evaluated in the present study can be used for sex determination [ Table 1 ].
At the end of the study, 91% of male population and 97% of female population were correctly classified. Thus, the overall accuracy of sex determination using the measurements of foramen magnum and OC in the present study was 94% [ Table 2 ].
Discussion
In the present study, seven variables previously used by Uysal et al. [6] were incorporated to assess the sexual dimorphism of foramen magnum and OC in the basal region of skull. They reported an accuracy of 81% and concluded that these measurements can be reliably used for forensic issues. The overall accuracy reported in the present study is 94%.
Murshed et al. reported significantly larger area of foramen magnum in males as compared to females (931.7 ± 144.29 mm 2 in males and 795 ± 99.32 mm 2 in females), which is in accordance with the present study. [7] Apart from the seven variables discussed by Uysal et al., [6] an additional parameter of "area of foramen magnum" was also used to discriminate between male and female. The reason for increased accuracy in this study could be attributed to the same. This result is in contrast to the results presented by Günay et al. [8] who reported that the total area of foramen magnum was not a good indicator of sex determination. In the present study, significant differences were noted in the area of foramen magnum between the male and female population. This is also in contrast to the statement given by Uysal et al. [6] who stated that the addition of other variables will not increase the accuracy rate.
All the metric variables assessed in the present study were found to have significant statistical difference between the male and female population. When these variables were substituted in the discriminant equation derived from the variables, it showed an overall accuracy of 94%. The results of stepwise discriminant analysis excluded the length of right OC, width of left OC, and maximum median intercondylar distance as independent variables of sex determination.
Uthman et al. [9] reported an accuracy of 90.7% for the dimensions of foramen magnum in males and 73.3% in females. The lower accuracy obtained by them could be the result of including only the sagittal, transverse, circumference, and area of foramen magnum in contrast to the present study where additional parameters of OC (length and width of the condyle bilaterally, MnID, MBD, maximum median intercondylar distance) were also considered. The dimensions of length and WC on both the left and right side were found to be significantly larger in male population in the present study. This finding is in agreement with studies performed by Bello et al., [10] Abdel-Karim et al., [11] Uysal et al., Gapert et al. [1] Thus, it can be concluded that the various diameters in the region of foramen magnum and OC are different in various populations and there exist a geographical variations. Furthermore, the values might differ in the same population. The difference obtained in the values can also be a result of difference in sample size.
Further studies with a larger sample size involving varied geographical regions should be conducted to determine more accurate results in different populations.
Conclusion
Radiological evaluation of the basilar region of skull sex determination provides an easy method of measurement as the tedious process of soft tissue removal can be avoided when fragmentary crania are recovered. CT being a modern diagnostic modality will aid in accurate identification of the craniometric points thus improving the accuracy and reliability of sex determination.
Thus, it can be concluded that the dimensions of foramen magnum and OC can be accurately used for sex determination thus opening avenues for new research in the field of anthropology and forensic sciences.
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